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mentation, where both sponsor and scientist may have nothing to show for
the effort. Contrast this with studies employing existing methods that pro-
vide results immediately and continuously for both sponsor and scientist.
Clearly, the time scale and goals of existing programs are antithetical to
instrument development. To achieve efficiency in instrument development,
sustained involvement of instrument engineers should be pursued. The
most common approach now is to employ engineers for the duration of a
project. A longer-term approach, as used in the past by NOAA and NSF,
should be renewed.

The emphasis of most sponsored research is for new knowledge,-which
limits the availability of ship resources for instrument development. The
importance of ruggedness and reliability for in situ, moored, and autono-
mous instruments translates into a great need for repeated testing in their
development. Ocean instruments are analogous to spacecraft in their need
for reliability in a hostile environment. For instrument development, test-
ing is an iterative process, with many trials of different components, con-
figurations, and designs typically performed before adequate performance is
achieved. Thus, testing ideally is carried out frequently; under reproduc-
ible, well-understood conditions; and often on short notice. For ocean in-
strumentation, the most important part of development is testing the device
at sea. The rate limiting step is availability of ship time. Whereas most
instrument development has been carried out on large ships, this is not the
most efficient means of instrument development. Unfortunately, ship time
(precious at $20,000 a day for transoceanic vessels) is mainly allocated for
the acquisition of new knowledge during extended cruises. Such extended
cruises are far from ideal for testing, since conditions vary with the differ-
ent places ships go; the extended cruise does not permit quick return to the
laboratory for modifications; the operational aspects of the cruise (course,
speed, use of other equipment such as depth sounders) may be ill suited to
testing a particular device; and the expeditionary nature of cruises requires
months of preparation. Oceanographic cruises are often planned at least a
year in advance. Despite these drawbacks, much instrument testing is done
on cruises simply because no other option is available.

The problem of access to ship time is more difficult for commercial
enterprises than for academic ocean scientists, the latter having some frac-
tion of institutional ship time earmarked for their use. For specialized
ocean instrumentation, which usually has a small market, the cost of devel-
opment is prohibitive if ship time is paid for directly. As is the situation for
development of instruments by academics, a large portion of the ship time
for commercial instrument development is obtained on craft of opportunity
or piggybacked with academic research. The difficulty of doing this varies
with the sponsoring institution. A few larger companies able to operate
their own ships can spread operating costs of the ships over several devel-